The average percent increases in dose due to scattering by the FlexiShield ® , a tungsten-only shield, and >3 cm solid water are shown in Table 1 .
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SUMMARY BACKGROUND
Funding provided by Table 1 . Average percent increase in dose compared to air at a 3 cm and 4 cm source to detector depth and as predicted by MCNP5 modeling.
Figure 6. The additional dose compared to air for varying thickness of solid water sheets between the detector and the inner shield surface. The solid water sheets simulate skin thickness in order to determine the increase in dose as the distance from the skin surface increases. The curve on each plot is an exponential fit to the data. 
Apparatus
Spectra were obtained with an AmpTEK XR-100T CdTe spectrometer with PX2T CdTe amplifier and MCA-8000A multi-channel analyzer.
An Axxent source was positioned at a 90°angle to the shielding (tungsten or delrin) with the detector positioned at a 45°angle from the source and the shielding.
Spectra: Tungsten
The fluorescence spectrum from a tungsten-only shield material using an Axxent ® Model S700 X-ray source is shown in Figure 3 .
The two prominent peaks near 8 and 10 keV are the L line fluorescence peaks from tungsten. The smaller peaks near 6 and 7 keV are likely to be the K line fluorescence from iron, due to scattering in the shielding tank.
FlexiShield ® is a flexible silicone and tungsten sheet placed over the patient (Figure 1 ) to shield personnel in the treatment room from radiation produced by the Axxent ® Model S700 X-ray Source during accelerated partial breast irradiation (APBI).
FlexiShield ® very effectively reduces the ambient exposure rate by a factor of 170 while using the Xoft Axxent ® X-ray Source. In order to attenuate L-line fluorescence photons from tungsten in the shield, a barrier layer containing a tuned-Z material was added to the patient-facing side of the silicone-tungsten sheet.
The purpose of this study was to measure the skin surface dose delivered by the Axxent ® X-ray source with the FlexiShield ® (silicone, tungsten shield with tuned-Z barrier) in comparison with a tungsten-only shielding and with no shielding. 
Dose Data at Varying Skin Depths
The dose was measured after adding solid water sheets of varying thickness between the detector and the FlexiShield ® to determine the increased dose as a function of skin depth (see Figure 6 ).
The initial points in Figure 6 for FlexiShield ® and the tungsten-only shield represent the average 3 cm source to detector measurements from Table 1. The lines on this plot show an exponential fit to the measured dose as a function of skin depth For FlexiShield ® , the additional dose drops by over a factor of two to below 3% at a depth of 0.5 mm and to less than 1% at a depth of 1mm. 
RESULTS
FlexiShield ® can be placed over the patient to reduce the ambient exposure rate in the treatment room from radiation produced by the Axxent ® Model S700 X-ray Source during accelerated partial breast irradiation (APBI).
The purpose of this study was to measure the potential skin surface dose to the patient delivered by the Axxent ® X-ray source in the presence of the FlexiShield ® (silicone, tungsten shield with tuned-Z barrier) in comparison with a tungsten-only shielding and with no shielding.
The added skin dose from the use of FlexiShield ® is less than 8% and from a tungsten-only shield is 14-16% compared to no shielding.
These measurements are in agreement with Monte Carlo simulations.
The additional skin dose to the patient from the use of FlexiShield ® drops to less than 1% by 1 mm skin depth.
These results indicate that FlexiShield ® reduces the skin dose to the patient by a factor of 2.7 compared to additional water-like material on the skin surface and by a factor of ~2 compared to a tungsten-only shield.
The effect of the tuned Z-layer in the FlexiShield ® is to reduce the added skin dose to the patient by a factor of two. 
CONCLUSION

SKIN DOSE
Apparatus
The fixture consists of a Gammex RMI 457 Solid Water TM phantom with a backwards facing PTW soft x-ray TN34013 ionization chamber, and a PTW Unidos ® E Electrometer ( Figure 5 ).
Materials
Three different materials were placed in front of the detector:
FlexiShield ® , a tungsten-only shield material a very thick (>3 cm) block of solid water.
Measurements
Measurements were made for source to FlexiShield ® distances of 4 cm and 3 cm, corresponding to a typical minimum source to skin distance during APBI treatment with the Axxent ® Electronic Brachytherapy System.
In each case, measurements with no shield or material in front of the ionization chamber were compared to measurements with the material inserted.
Each measurement represents an average of 50 ten-second measurements with a source voltage of 50 kVp at 300 µA.
For these measurements, systematic errors such as the repeatability of the source position in the solid water block and the source output level when voltage is turned back on to make a measurement should dominate the random measurement errors, such as source stability during a measurement.
Simulations
Simulations were performed at the University of Wisconsin, Madison using MCNP5 to model this increased skin dose expected from shielding material. The source to skin distance for these simulations was 3 cm, and the skin dose was determined at 0.07 mm skin depth. The source and cooling catheter are mounted in the center of the solid water phantom.
The detector block has the detector mounted in a backwards-facing orientation so that the ionization chamber window faces away from the source.
The ionization chamber has a 0.03 mm polyethylene window and is designed to produce a flat energy response down to 10 keV. The tungsten L fluorescence lines, at 8.4 and 9.67 keV, are slightly below this designed response range.
The source/detector separation can be increased by inserting 1 cm Solid Water blocks. The diagram shows two 1 cm blocks inserted for a total source to FlexiShield ® distance of 4 cm.
Thin Solid Water sheets can be inserted between the detector and the FlexiShield ® to simulate different skin depths.
Custom LabVIEW software was used for data acquisition and control of the x-ray source output.
Counts keV
Spectra: Tissue Simulation
The scattered spectrum from Delrin ® plastic is shown in Figure 4 (in black) along with the fluorescence spectrum of a tungsten-only shield (in red).
Delrin ® has scattering properties that are similar to those of tissue. During an actual APBI treatment, scattering in the surrounding breast tissue contributes to the intended dose. The skin surface typically receives a dose that may be lower than the intended dose due to reduced scattering at and beyond the skin surface.
The Delrin ® spectrum simulates the scattering if additional tissue were present in place of shielding and air. There is a much higher count rate from the Delrin ® than from the tungsten-only shield. The tungsten in the shielding absorbs the x-rays rather than scatters them like the Delrin ® , although a small fraction get re-emitted.
Although the backscatter is higher, the skin dose received from Delrin ® is comparable to that received from tungsten-only shield. The low energy L line x-rays from tungsten are quickly stopped, depositing their energy close to the surface of the skin. 6.9
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